Stylized representations of recent US and Chinese tax reforms, tariffs against imports and alternative Chinese monetary targeting are examined using a calibrated global macro model that embodies both trade and financial interdependencies. For both countries, unilateral capital tax relief and bilateral tariffs are shown to be "beggar thy neighbor" in consequence with tariffs most advantageous for the US if revenue finances consumption tax relief. China is nonetheless a net loser when these policies are implemented unilaterally by the US, irrespective of its policy response, though a currency float is shown to cushion the effects on its GDP in the short run. Equilibria in normal form non-cooperative tariff games exhibit spill-overs that are substantial but insufficient to deter dominant strategies. The US imposes tariffs while China liberalizes, sustaining fiscal balance via consumption tax relief in the US and expenditure restraint in China.
Introduction
The dispute between China and the US over tariffs and exchange rate policy has been amongst the most notable of the large country economic conflicts in recent years. 1 While the trade dispute originated in 2018, accusations by the US government that China has protected its economy via "currency manipulation" go back decades. McKinnon (2006) , notes the use of US broader bargaining power to place pressure on Japan in the 1980s, and subsequently on China, to appreciate their currencies against the US$. 2 The expectation that rapid economic expansion in China might deliver an appreciating currency stems in part from the Balassa-Samuelson hypothesis, which predicts that economies with rapidly expanding tradable sectors would experience strong wage growth, higher prices of little traded services and therefore real appreciations. This pattern was not borne out in the case of China because of the offsetting effects of trade reforms in the lead-up to its accession to the WTO and very high saving rates during its subsequent growth surge. 3 Following the failures of post-Uruguay Rounds of multinational negotiations, China's rapid development during the 2000s and the publication of its "Made in China 2025" plan (State Council, 2015) , concern in the US refocused toward the race to dominate the global technological frontier. The intention of subsequent US policy developments has therefore been to secure US firms' market access and, at the same time, their intellectual property, as well as to combat special assistance rendered to state owned and otherwise favored Chinese firms (Office of the US Trade Representative 2018). One of the more superficial concerns to emerge has been with China's bilateral trade surplus. While bilateral imbalances have no particular economic significance they are seen by some as one indicator that the gains from trade are being manipulated to the advantage of one partner. Yet the China-US bilateral imbalance is significantly enhanced by China's role as an assembly point for wider Asian component manufacture, via recently emerging global value chains, leading to a mismatch between trade value and Chinese value added content. 4 The imposed tariffs have been the most recently controversial of these and they impact economic performance in standard ways. First, they modify the domestic terms of trade to favor home firms, causing domestic consumers to shift expenditure, triggering entry and scale expansion at the expense of imports. This demand switch also appreciates the real exchange rate, tending to partially offset the inflationary force that stems from the higher post-tariff prices (Johnson 1953; Bagwelland Staiger, 1999; Ossa, 2011) . Second, trade diversion occurs when unilateral protection restricts imports from one region but price incentives remain the same in others (Bouët and Laborde 2017, Dong and Walley 2012) . Two key patterns emerge. First, the larger scale of the US economy is frequently dominant in that its new protection yields an "optimum tariff" effect that is only sometimes overcome by the negative effects of Chinese retaliation and associated contractions in the rest of the world. Second, China is virtually always the largest proportional loser from the conflict, suggesting that it has the most to gain from negotiating a resolution to the conflict.
In this paper we offer a broader examination of the macro and trade policy alternatives facing the US and China, which include rates of taxation on capital and other sources of income, the distribution of additional tariff revenue between spending and tax relief and, for China at least, the option of a currency float and therefore a significant depreciation. To this end we apply stylized policy shocks to a six-region global macro model that captures international flows of claims over financial instruments as well as final and intermediate goods, along with their dependence on direct and indirect tax rates. Each region has three different households, with capital owners managing global portfolios of variably differentiated regional assets, and central banks that mostly target inflation, thus "anchoring" expectations over consumer prices. Two types of solutions are obtained, one under short run assumptions, with varying unemployment levels and fiscal deficits but fixed capital use, and another in which time is allowed for financial flows to redistribute productive capacity across countries, for labor markets to adjust and for fiscal balance to be retained via changes in tax rates or government expenditure.
At either length of run trade distortions alter the relativities between consumer, producer and GDP prices, wage rates and capital returns. Since all regions are characterized as "large", unilateral increases in protection by any one region can raise domestic "welfare" at the expense of other regions, though such protection can shrink output domestically and globally. We offer several policy scenarios to reflect alternative trajectories of the policy conflict, depending on the actions taken by the US and China. These include an assessment of the spill-overs from reforms affecting capital income tax rates in both economies, the effects of unilateral protection by the US against Chinese imports, bilateral liberalization and retaliatory protection by China, and a variety of fiscal responses to the associated changes in tariff revenue. And finally, we embed policy alternatives in normal form game structures in search of equilibrium outcomes.
Several conclusions emerge. First, income tax rates do yield significant spill-over effects at a length of run over which production capacity can adjust. But those effects are not strong enough to deter dominant strategies on both sides to reduce capital income tax rates, sustaining fiscal balance by raising tax rates on skill income. Second, while the unilateral imposition of tariffs by the US against China is not beneficial to its own economy in the short run, with time for capacity adjustment it is welfare improving. It raises real wages and real GDP but reduces these globally.
These gains are not sustained for China when US tariffs are imposed, while they are for the US, albeit with some offset when China retaliates. Normal form tariff games yield equilibria in which the US imposes tariffs and China liberalizes. Importantly, the experimental results described are carried out with a calibrated numerical model and so should be seen as helping to flesh out an economic narrative. Nonetheless, the results are more than illustrative, by virtue of the model's construction on data that is representative of the global economy. Section 2 of the paper offers some further background on the China-US economic rivalry while Section 3 takes the reader through the essential components of the model used. Section 5 presents results and Section 6 concludes.
Background
As its hegemonic power declines, and the cost of responsible leadership by the US over the global "rules based order" rises it is politically inclined to adopt more strategic economic policies. 5 These include both policies on corporate taxation as well as tariffs on trade. As these policies have emerged the government of China, the second largest and soon to be the largest global economy, has responded strategically with tax changes and tariffs of its own. A further option, previously resisted by the Chinese economy, is exchange rate flexibility.
Corporate taxation:
The fear of a global "race to the bottom" on the taxation of mobile capital income, 6 saw some justification in early 2018 with the passing of the Trump Administration's tax reform bill. This offered considerable concessions on the taxation of capital income, one stated objective of which was the return to the US of foreign activity by US multinational corporations. While the implications of the change of tax law are many and complex, for our purpose a crude approximation has it implying a reduction in the power of the effective tax rate on capital income of five per cent.
In the case of China, according to Ministry of Finance (2019), existing preferential policies for small and low-profit enterprises are to be applied to a wider range of companies. Previously, companies with annual taxable income below RMB 1 million (US$147,290) per year enjoyed a preferential corporate income tax (CIT) rate of 20 percent on half their income, with the other 5 The substance of the "rules based order" is detailed by Chatham House (2015) . 6 Key contributions to this substantial literature are by Tiebout (1956 ), Oats (1972 , Bretchger and Hettich (2002) and Fuest et al. (2003) , which embody debate about the role of migration between taxing regions. In our modelling results to follow the pure race to the bottom result of Oats emerges because migration is not allowed. half tax-free. Such companies can now enjoy the same preferential CIT rate of 20 percent but will only be taxed on 25 per cent of their income, with the remaining 75 percent tax-free. In addition, companies with taxable income from RMB 1 to 3 million (US$147, 290 to 441, 870) now enjoy the preferential 20 percent CIT rate on half their income, with the other half tax-free.
According to the government, the preferential CIT rates now apply to 95 per cent of corporate taxpayers and lower the total tax burden for qualified enterprises by five to 10 per cent. We characterize this change of tax policy as also being an approximate five per cent reduction in the power of income tax on capital income.
Tariffs on trade
The recent China-US tariff conflict stems primarily from the implicit threat to returns from US R&D perceived as emerging from China's drive to upgrade the sophistication of its manufacturing sector, as embodied in "Made in China 2025 " (State Council, 2015 . Related to this is the set of hangovers from the Uruguay Round of trade negotiations and the conditions under which China originally acceded to the WTO, which grant concessions over trade, investment and intellectual property protection in both goods and services sectors and which are seen to unfairly advantage the now more modern Chinese economy. In addition, there are the much discussed downsides from widely beneficial globalization, primarily in the form of poor labor market performance by the low-skilled and hence income inequality, which the surge of Chinese growth in the 2000s exacerbated. The global richest one per cent captured 27 per cent of the total income growth since 1980, two times more than the bottom half of adults, who together captured 12 per cent (Alvaredo et al., 2017) . Clearly there are factors affecting low-skill performance that go beyond increased global competition between Chinese and other low-skill workers, including labor-saving technical change, the rise of the intangible capital market, and a trend toward industrial oligopolization. 7
The associated change in the global pattern of international trade that has seen outsourcing of stages of production and the rise of "value chains" has tended to cause a mismatch between the 7 There is a long literature on the roles of Asian finance and trade in labour market performance in advanced economies, with recent contributions including Pierce and Schott (2012) , Autor et al. (2013) , Arora et al. (2015) , Acemoglu et al. (2016) and Tyers (2015b Tyers ( , 2016 . Labor-saving technical change is addressed by an equally large literature, from which Acemoglu and Restrepo (2017) is a recent example. Intangible capital is examined by Koh et al. (2016) and oligopolization by Moazed and Johnson (2014) and Ezrachi and Stucke (2016). balances of trade and value added content that give the superficial impression of unjust behavior.
The consequences of trade conflicts that lead to tariffs on imports are therefore less obvious than prior to the development of these value chains. In analyzing these, we therefore distinguish carefully between intermediate inputs and final goods in production and in the matrix of trade flows.
At the same time catch-up by the transitional economies is seeing a convergence between the patterns of their exports and those of the advanced economies. The mix of China's exports across manufacturing classes has converged rapidly on that of exports from the US, Europe and Japan, so that now these regions and China export both light (labor intensive) and heavy manufacturing. The share of light manufactures in China's exports has fallen in recent decades as it approaches that in the exports of the advanced economies. The major emerging difference is the rise in the share of services in US exports, to about a third today, while China's exports of services remain below a tenth. Since traded services tend to be intensive in skill, the convergence of China's trade pattern lags in this respect due to temporary differences in skill endowment, combined with strategic interventions that protect Chinese services. 8 While this suggests some residual scope for Heckscher-Ohlin-Samuelson forces to drive trade between the US and China, the broad pattern of manufacturing trade is approaching the intra-industry structure that exists between the advanced regions. In our modelling, therefore, we separate intermediates from final goods but do not account for the residual effects of the remaining differences in factor intensities and endowments across tradable industries.
Chinese exchange rate management
Although China's rigid, though informal, peg against the US$ was relaxed in 2005, the rate has been closely regulated since. China's special relative openness to trade is one reason for this but there has also long been sensitivity to the accusations of "currency manipulation". 9 While the bilateral real and nominal exchange rates have both been stable in recent years, as Figure 1 8 High levels of protection of services, including banking and utilities, have been found elsewhere to reduce overall productivity growth. The liberalization of these sectors in the 1990s in many advanced economies spurred subsequent growth (Nicoletti and Scarpeta 2003 , Griffiths and Harrison 2004 , OECD 2007 . 9 The American literature critical of China's macroeconomic policies is also extensive. Bernanke (2005 Bernanke ( , 2011 offers the outline and Krugman (2010) declares that "China is making all of us poorer". The US macroeconomic position is put in more detail by, amongst others, Lardy (2006 Lardy ( , 2012 and Bergsten et al. (2008) . Similar advocacy of policy-induced "balance" in China's growth can be found, still more formally, in Blanchard and Giavazzi (2006) , while it is also recognized that some of the US reaction is mercantilist (Ito 2009). attests, changes in the direction of China's trade have seen its real effective exchange rate depreciate relative to that of the US since mid-2015. Since the tariff conflict began in 2018 there has been a depreciating trend in the RMB against the US$ and in the corresponding real rate.
The question arises, then, as to the potential for exchange rate flexibility to assist China to ride out the terms of trade shocks that are due to US tariff imposition. 
Essential Elements of the Modelling
To provide an ex-ante assessment of the potential impacts of the current economic conflict, we employ a multi-region general-equilibrium model to simulate prospective combinations of tax concessions and increased bilateral tariffs with macro policy adjustments. Much of the structure of this model is conventional and consigned to an appendix. Here we describe those elements of it that are essential to the analysis of the macro dimensions of a trade conflict. These include production from both primary factors and intermediate inputs, endogenous consumption, saving decisions and associated financial and trade flows that are sensitive to tax instruments, as well as central banks and money stocks that allow us, most particularly, to represent China's choice of monetary target.
Six regions are identified, namely the US, the EU, Japan, China, Australia and the Rest of the World. 10 The EU is modeled as the full 28 and it is assumed that this collective has a single inflation targeting central bank. In each region there are three households, each with factorspecific income (from low skill labor, skilled labor and physical capital) and each with different reduced form consumption behavior that depends on the regional real interest rate and the levels of current and expected future real disposable income.
Production and intermediates
Each region supplies a single product that is differentiated from the products of the other regions and this product is both consumed directly and used as an intermediate input at home and abroad.
Regional production depends on the three primary factors: low-skill labor, skilled labor and physical capital, and the use of tradable intermediate goods. Amongst the three primary factors, low-skill labor is a partially unemployed variable factor while skilled labor and physical capital are fully employed.
The production technology has output depending on "relative" factor and input use, so that the gross output volume of region i, , is a Cobb-Douglas composite of real value added, vi, and of intermediates, qi.
(1)
where A Y is total (factor and input) productivity. Value added, in turn, has Cobb-Douglas dependence on domestic primary factors, raw labor, L, skill, S K and physical capital, K.
(2)
To allow for inter-regional substitution in intermediate demand across regional sources, domestically employed intermediate inputs, q, are a CES composite of products acquired from all regions:
(3)
where qij is the quantity of region j's product that is absorbed by production in region i.
The composite prices of value added and intermediate inputs from (1) are related via:
Here P i P is the producer price level -the factory gate price of region i's product, V i P is the price of value added and Q i P is the price of a composite of home and imported intermediate inputs.
The real production wages of unskilled and skilled workers and the capital rental rate depend conventionally on the corresponding marginal products.
The gross volume of output, y, is distinguished from real GDP, which is that portion of output that meets final demand, thus excluding intermediate use, and which equates to real value added, v in (1). The complete set of demands facing country i's industries, which must sum to equate with (1), takes the form:
which is a real version of the standard expenditure identity (on the homogeneous domestic output of region i) with intermediate demand included. I and G are nominal gross investment and nominal government spending on goods and services (net of transfers), cji is the volume of final consumption of region i's product in region j, and qji is the volume of region i's product that is absorbed as intermediate inputs by production in region j. Net trade is embodied in the second and third terms and real GDP omits the final term. Equating this with (1) determines producer price levels, P P , in each region. Producer cost minimization at these prices then determines all the unit factor rewards.
Income and consumption
Disposable income, for each household, is net of separate taxes on primary factor income and gross of transfers, taking the form: For each household, h, in region i, consumption expenditure, Chi, is a nominal sum but real consumption behaviour is motivated by current and expected future real, per capita, disposable incomes and the real interest rate. Real consumption, (lower case) chi, depends negatively on the after-tax real return on savings (the home bond yield, r) and positively on both current and expected future real disposable income per capita for that household:
where the tax rate on interest income, τ h , is household specific, set as the tax rate on the household's dominant source of direct factor income. The expected inflation rate of the consumer price level is Ce  . The elasticities in this expression vary by household, ensuring different consumption responses.
Consumption driven trade and pricing
To capture the home household's substitution between home and foreign products, real aggregate consumption in region i is a CES composite of region i's consumption of products from all regions:
(8)
The home household then chooses its mix of consumed products to minimize consumption expenditure in a way that accounts for home consumption and trade taxes, foreign export taxes, differing foreign product prices and exchange rates:
 is the power of its average import tariff on consumption goods, X j  is the power of the average export tax in the region of origin, j, and Ei and Ej are the nominal exchange rates of regions i and j relative to the US $, measured as US$ per unit of home currency. 13 Optimum consumption is consistent with an elasticity of substitution between home and foreign products of
. Given these consumption volumes, the composite price of all consumption, or the consumer price level, emerges as: V , in a way that accounts for home indirect tax rates, foreign export taxes and differing foreign product prices and exchange rates: 
Intermediate input demand driven trade and pricing
The corresponding derived demands are then:
Given these volumes, the composite price of all intermediates in region i, , emerges from the combination of (3) and (11) as:
International finance
The global financial capital market is central to effective modelling of the global economy. Here it is assumed that the financial products of each region are differentiated and that portfolio managers assign new net saving across regions so as to maximise expected portfolio returns given this differentiation. Although there is a tendency for financial flows to move the global economy toward uncovered interest parity, in the length of run considered asset differentiation leaves this process incomplete. Expected rates of return generally depart from regional bond yields, the latter reflecting short run equilibria in regional financial markets, as between savers, indebted governments and investors. We offer some detail on this behaviour below since it is strongly influenced by capital income tax rates, which feature prominently in our analysis.
Each region's financial market is represented as the market for domestic long maturity assets.
These behave like equity, in the sense that income from them is assumed to be taxed after depreciation, even though they include government debt issued to a level that depends on fiscal policy as well as both debt and equity issued by domestic investors. Purchasers of these assets are assumed to respond to changes in an expected rate of return on installed domestic capital, r ce , which is net of depreciation and capital tax and adjusted for sovereign risk. This rate of return has a number of components. First, since only the after-depreciation component of capital income is taxed, nominal capital income after tax for region i is:
where P P , first defined earlier, is the producer price of the regional product and P K is the price of capital goods. 14 The ad-valorem tax rate, t K , is here defined as the rate applied to income from financial assets, including both debt and equity, and δ is the depreciation rate of physical capital.
The marginal physical product of capital, MP K = MP K (K), is a declining function of the regional capital stock, derived from (1) and (2). The regional real rate of return net of both tax and depreciation is then: 15
To obtain the expected future value of this rate, it first adjusted by a sovereign risk factor and then embedded in an uncovered interest parity condition, here operating in real terms:
where ˆe e is the exogenous, expected proportional change in the real exchange rate and the interest premium factor,  , permits consideration of the effects of changes in the fiscal balance on sovereign risk. A deteriorating fiscal balance causes investment to be less attractive. For this reason, a further adjustment is made using an interest premium factor, i  , that is defined relative 14 In this single product model the product and capital goods prices are separated by a single parameter:
to the US ( US 1   ). This permits consideration of the effects of changes in sovereign risk in association with the fiscal balance. Increments to regional sovereign risk, relative to the US, cause investments in regions with increasing fiscal deficits to be less attractive.
where  is a positive elasticity indicating sensitivity to sovereign risk, G is government expenditure net of transfers, T is gross government revenue also net of transfers, and the zero superscripts indicate initial values.
The domestic demand for investment financing then depends on the ratio of the expected real rate of return on installed capital, ce r , which is defined as after capital income tax, and the after tax real long bond yield that clears the domestic financial market, r. Since the numerator indicates the market value of domestic assets and the denominator the cost of financing their replacement, this is in the tradition of Tobin's Q. Accordingly, since firms do not incur tax when issuing stock or bonds, no taxation is applied in the denominator.
where I  is a positive elasticity and the zero superscripts indicate initial values. Since investment demand, I D , is defined as nominal, it is adjusted by the capital goods price. The yield ratio deviates from unity not only because income from new investments is taxed after depreciation, but also due to the regional differentiation of assets. In part, this differentiation reflects the fact that, at short to medium lengths of run, the economy is not in a financial steady state.
This investment demand is then matched in each region by a supply of saving that incorporates contributions from all regional households. Here the modelling incorporates explicit portfolios of assets from all regions. Data on regional saving and investment is first combined with that on international financial flows to construct an initial matrix to allocate total domestic saving in each region to investment across all the regions. From this is derived a corresponding matrix of initial shares of region i's net (private and government) saving that are allocated to the local savings supply that finances investment in region j, S0 ij i . When the model is shocked, the new shares are calculated so as to favour investment in regions, j, whose real yields are boosted by the shock. Since these are portfolio investments, the real rate of return available in each region is assumed to be the domestic market clearing yield, r.
Region i's portfolio manager allocates the proportion S ij i of its annual (private plus government) saving to new investments in regions j, such that 1 16 Because the newly issued equity is differentiated across regions based on un-modelled and unobserved region-specific properties, their services are combined via a constant elasticity of substitution (CES) function specific to each regional portfolio manager. Thus, region i's household portfolio management problem is to choose the shares, S ij i , of its private saving net of any government deficit, D
which are to be allocated to the assets of region j so as to maximise a CES composite representing the value of the services yielded by these assets:
Here ij  is a parameter that indicates the benefit to flow from region i's investment in region j.
The CES parameter, i  , reflects the preparedness of region i's household to substitute between the assets it holds. To induce rebalancing in response to changes in rates of return the ij  are made dependent on ratios of after-tax yields in destination regions, j, and the home region, i, via: 17
. 16 The manager does not re-optimise over total holdings every year. This is because the model is deterministic and risk is incorporated only via exogenous premia. The motivations for continuous short run rebalancing, other than the arrival of new saving, are therefore not represented. 17 Note that region i's market bond yield, r i , is determined concurrently and indicates the replacement cost of capital in region i and therefore the opportunity cost for region i's household of investment in region j.
Here, K i t is the rate of capital income tax rate in region i. This relationship indicates the responsiveness of portfolio preferences to yields, via the (return chasing) elasticity i  . The allocation problem, thus augmented, is:
Solving for the first order conditions we have, for region i's investments in regions j and k:
This reveals that region i's elasticity of substitution between the bonds of different regions is The optimal share of the net domestic saving of region i that is allocated to assets in region j then follows from (22) and the normalisation condition, that 1
Regional money
This has two main sources of demand the first being the conventional "cash in advance" constraint applying across the whole of GDP and the second is its contribution to the liquid share of the collective private portfolio, where it is held in combination with regionally differentiated long maturity bonds (claims over physical capital and government debt across the regions). The latter accounts for the observed dominance of financial transactions over money demand in recent decades. 18 Since portfolios are dominated by long maturity assets, the opportunity cost of holding money is the long bond yield, which is modelled as emerging from equilibrium in a thus weakly segmented global market for loanable funds. Central banks derive monetary expansions in regionally specific proportions from conventional monetary policy and from UMP, with reliance on the market segmentation theory of the yield curve (Johnson et al. 2010) to ensure that conventional monetary policy has no direct impact on the market for long term bonds. Short rates are therefore not modelled explicitly, rather the monetary base in each region is determined as endogenous to the target of monetary policy and an exogenous parameter determines the share of any change in the monetary base that takes the form of long asset balance sheet expansion.
UMP expansions raise home long maturity asset prices and lower long yields, causing imperfect spill-overs across regions due to global arbitrage that is only partially constrained by asset differentiation.
More formally, the three determinants of the demand for real money balances are first, the cashin-advance constraint, which applies across all components of regional gross (including intermediate) output and so is represented by yi. Second, portfolio demand is driven by the real purchasing power of financial wealth. And, third, the opportunity cost of holding home money is set at the nominal after-tax yield on home long term bonds. 19 Real money balances are measured in terms of purchasing power over home products at the GDP price, P Y .
 is the power of the capital income tax rate in region i and e i  is the expected inflation rate of the consumer price level, P C , defined as a CES aggregate of home and imported consumer prices. Real financial wealth or assets, w F , is represented as the present value of an infinite stream of real dividends that are equal to after-tax returns on the capital stock, at the expected real rate of return on installed capital, r ce , discounted at the current real financing rate, r. A price adjustment is also made for relative inflation or deflation of capital goods prices, which raise or lower the purchasing power of financial wealth over home products. 20
Regional financial market clearance requires that the home financial market in each region clears separately and this implies global financial market clearance. For region i, the nominal value of domestic investment, D i I , represents the sum total of all domestic long bond issues. This is then equated with demand for those bonds from home and foreign (net private and government) savings, along with demands for home long bonds that arise from the "quantitative easing" components of monetary expansions by both home and foreign central banks.
Global financial balance
Financial balance then requires that total investment spending in region i, in i's local currency, is equated with the total supply of financing directed from all represented regions: foreign currency and are therefore converted at the appropriate cross rates. The regional real 20 On the supply side of the money market, the proportion of expansions that occur via the purchase of long maturity assets (UMP) is parameterised. Conventional expansions directly affect the money supply while UMP expansions affect both it and the long end of the yield curve. UMP expansions raise home long maturity asset prices and lower long yields, causing imperfect spill-overs due to global arbitrage that is only partially constrained by asset differentiation. By contrast, conventional monetary policy involves trade in short term instruments which has no direct, immediate impact on the market for long term bonds, which are major components of the global portfolio. Short rates are therefore not modelled explicitly, rather the monetary base in each region is determined as endogenous to the target of monetary policy and an exogenous parameter determines the share of any change in the monetary base that takes the form of long asset balance sheet expansion.
bond yields (interest rates, j r ) emerge from this equality. Their convergence across regions is larger the larger are the elasticities of asset substitution, I j  . 21
The balance of payments condition requires that the sum of net inflows of payments on the current account and net inflows on the capital and financial accounts, measured in a single (home) currency is zero: 
Economic welfare
In calculating an aggregate welfare measure we add the real purchasing power of disposable income to that of government expenditure on goods and services, the latter signifying the supply of public goods. The public goods are then considered to be available on an equal per capita bases to all three households, irrespective of income. For household h in region i, economic welfare is then:
Expectations
These are formed over regional consumer prices. All economies are modelled in zero growth steady states and, generally, central banks set monetary policies to adjust monetary bases so that there are no changes to consumer price indices. All households anticipate no change in consumer price levels.
Calibration
The model database is built on national accounts, international trade and financial data for the global economy in 2016. The relative sizes of the four major economic regions, the US, the EU, Japan and China indicate that China's economy (even measured without PPP adjustment) is not the smallest of them and it matches the largest in investment, exports 22 and saving. The structures of the regional economies differ in important ways. The US has a high consumption share of GDP, China a low one. Necessarily, then, the US has a low saving share while China has a high one. Some regions are more dependent on indirect taxes than others, which makes a difference to the proportion of GDP made up of factor cost and hence the size of the household budget and the gap between producer and GDP prices. The EU and China are relatively dependent on indirect taxes, for example. Since these taxes fall most heavily on consumption, changes in saving behaviour have strong implications for fiscal deficits and, indirectly, for interest premia, which are endogenous to the scale of fiscal deficits relative to GDP levels.
Investment is larger in some than in others, being extraordinarily high in China. And then, of course there are the fiscal deficits that are largest in the EU and Japan, and the current account surpluses or capital-financial account deficits in Japan and China, at least partly funding the substantial deficit in the US. Other elements of the model database and analytical structure are available in an accompanying appendix. 22 EU exports, for this comparison, are net of intra-EU trade.
Strategic Effects of Trade and Tax Policy Changes
While the tariffs imposed by the US on imports from China represent the first blows in the current trade battle, the global spill-overs due to the prior implementation of the 2018 US tax reforms turn out to be of magnitude similar to the tariffs. The anticipated potential for a global "race to the bottom" is evident from the simulation results, which are presented in the next subsection. Yet the macroeconomics of the subsequent tariff changes are counterintuitive and require some elaboration. In particular, we highlight in the sub-section to follow the dependence in this model of protection effects on the targets of monetary policy and on fiscal policy as it drives fiscal balance and the mix of taxes that support government revenue. In further subsections we detail the effects of US unilateral protection, the Chinese response and the strategic interaction between the US and China over trade and bilateral tariffs.
Throughout, experiments are conducted at two lengths of run. In the short run employment is flexible and capital stocks are fixed. Nominal government spending on goods and services is fixed and so fiscal deficits are endogenous. In the long run fiscal balance is retained and the capital stock (or capacity) can adjust around the world so as to restore the initial values of the expected rate of return on installed capital net of depreciation and tax, so employment is fixed but capital use is variable. Initial differences across regions in the expected net rate of return on installed capital are assumed to be associated with risk considerations not endogenous in the model. Following a policy shock the model solves for an equilibrium in which these differences are restored by capital stock adjustments that are consistent in direction with changes in real investment. 23
Reduced Capital Taxation as Strategy
Since changes in tax rates progress slowly through most countries' policy formation processes, they are here considered only under long run conditions, which means they drive changes in expected rates of return that are eventually arbitraged by the redistribution investment and capital accumulation across regions. Spill-overs are therefore significant and, even though these policy 23 One notable detail concerning our long run closure choice ensures that money is not neutral in the long run and so the choice of monetary policy targets continue to impact the results. This is that the price of capital goods in each region is held constant while other product prices remain endogenous; a nominal rigidity that we rationalize on the basis that investment decisions are made in the near future at capital goods prices near those at present, but are based on expectations over endogenous producer prices that determine the sequence of annual cash flows in the long run.
changes are not in any way directed at individual partner countries, we wonder if there is a strategic game over capital taxation between China and the US. To observe this we simulate the bilateral effects of capital tax reforms in both countries, in combination with alternative fiscal responses to reduced capital taxation and, in China the choice to continue to peg or to float its exchange rate. Central to these long run simulations is that labor markets clear in all regions to the same extent as in 2016 and that fiscal deficits are retained at the same level as in 2016. In Table 2 and for sectional welfare in Table 3 . If we imagine a more socialistic government with Rawlsian criteria the game is only slightly different, as indicated in Table 3 . Then China has a dominant strategy to increase taxes on the skilled while retaining its US$ peg. Not surprisingly, when the criterion is the welfare of capitalowning households, the dominant strategies and the equilibrium are exactly the same. There is, in effect, an alliance between the very wealthy and the working class, which parallels the political patterns under "populist" democratic regimes, including that of the US.
Macro Tariff Stories
To 
where H  is the home product share of consumption, P * is the landed foreign currency price of foreign goods and E is the nominal exchange rate expressed as the purchasing power of the home currency over others.
An increase in the home tariff on imports raises the second term in the square parentheses. This is the expected rise in the home prices of foreign goods, relative to the home producer price of home goods, P P . It induces the desired substitution in consumption toward home goods.
Because the protagonist's central bank targets consumer price inflation and we are making comparative static shocks, we equate inflation to price level targeting. The (short) policy rate is adjusted so as to change the money supply to keep P C constant in local dollars per unit of volume. With the second term rising, a monetary tightening is required to sustain the equality in (29) and this causes the nominal producer price level, P P , to fall.
Of course, this primary effect is opposed in the model (and in reality) by a real (and, with price level targeting, therefore also a nominal) exchange rate appreciation (E↑) and a rise in the share of the home product that is consumed ( H  ↑), but these do not reverse the direction of price effects. This is counterintuitive because we expect that the protection is implemented to create a price incentive to raise home production, arising from a switch in domestic demand as home consumers substitute away from imports toward home products. Indeed, this switch does occur, but the producer price level would only rise if the protagonist's monetary policy were to break the P C inflation anchor and implement a surprise expansion, and this could only be effective in the short run. 24
The effect of protection in other regions on free trading, inflation targeting economies is also evident from (29). Then the second term in parentheses still rises, because their currencies depreciate. So inflation targeters have contracting producer price levels as do the protecting economies. In the case of China, where we initially assume some information inefficiency, so that consumer price expectations are set at zero while the nominal exchange rate is the principal target of monetary policy, the second term in parentheses falls only slightly. This is because the increase in protection abroad raises global supply and reduces international trading prices, causing a decline in P*, as represented in (29). But China's real exchange rate must depreciate in response to the foreign protection, since that protection switches demand away from Chinese goods toward those that are protected. Its fixed nominal exchange rate then requires a deflation of all its price levels, including its consumer price, P C , and for the above reason to a lesser extent, its nominal producer price, P P . For China, then, both sides of (29) decline in response to US unilateral protection. Importantly, for China this undesirable development can be avoided by floating its currency, though as we shall see the advantage this confers is limited to effects on real GDP and not welfare defined more generally.
In the short run nominal wages are rigid in all regions, as is the level of capital use and government spending on goods and services, while nominal government spending is fixed and tax revenue is endogenous at fixed rates, so that fiscal balance is not sustained. Following the implementation of the tariff, firms face no change in unit labor costs but a cut to revenue and so they reduce employment. Output therefore falls, as does welfare more generally. In free trading partner economies producer prices also deflate, with consequences that are similar as to direction. The long run is different in three ways. First, nominal wages are flexible and unemployment rates remain constant. Second, expected rates of return on investment net of depreciation and capital income tax are sustained while regional capital stocks adjust and, third, all regions retain their initial nominal fiscal imbalances, allowing adjustment via either nominal government expenditure on goods and services (public good provision) or tax rates. As it turns out, whether there is a net gain or loss in the long run depends on which of these does adjust.
Unilateral Tariff Imposition by the US
Since the US appears, at least superficially, to have been the progenitor in recent trade disputes, as well as to have unilaterally altered its capital income taxation regime, we devote some initial attention to the consequences of actions of this type in the absence of retaliation. The simulations and the policy changes represented in them are detailed in Table 1 . 25 In the short run no changes are possible in nominal wages, capital use or in rates of taxation, so new tariffs yield revenue that moderates fiscal deficits. Long run cases, however, all require conserved fiscal balance and the adjustments in expenditure and tax rates required for this are noted in the table.
In the case of US capital income tax reform, which is here combined with a new bilateral tariff, the adjustment is borne by government expenditure on goods and services, or public good provision. Shock to power of import tariff vs China 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Endogenous fiscal effects
Government expenditure on goods 0.00 0.96 0.00 0.00 0.00 0.00 -6.02
Power of consumption tax rate 0.00 0.00 -0.31 0.00 0.00 0.00 0.00
Power of tax rate on low-skill wage income 0.00 0.00 0.00 -0..68 0.00 0.00 0.00
Power of tax rate on skilled wage income 0.00 0.00 0.00 0.00 -0.26 0.00 0.00
Power of tax rate on capital income 0.00 0.00 0.00 0.00 0.00 -0.67 -5.00
Change in fiscal position, %GDP 0.11 0.00 0.00 0.00 0.00 0.00 0.00 a Six simulations are represented, one with employment adjustment and fixed capital use (short run), a further four with capacity adjustment, constant unemployment rates and constant fiscal balance with adjustment of expenditure or tax rates (long run), and a final simulation with an additional exogenous shock to the capital income tax rate, to represent recent tax reform. In all cases China is assumed to maintain its de facto US$ peg. b The final simulation allows capacity to adjust but combines the tariff change with a reduction in the power of the tax rate on capital income or 5%, to represent recent tax reform, allowing government expenditure to adjust to retain fiscal balance. Source: Simulations of the model described in the text.
US effects
The domestic effects on economic performance, for each of the shocks indicated in Table 4 , are summarized in Table 5 . Nominal producer price levels fall in most cases as the tariffs widen the wedge between them and targeted consumer prices. In the short run, when unit labor costs are fixed, contracting producer prices reduce employment and output. Associated inflationary pressure then demands a monetary contraction to defend the consumer price level. Saving falls and the long maturity bond yield rises, so the yield curve shifts upward. 26 The government's fiscal position is improved slightly by the additional tariff revenue and the current account deficit is modestly reduced. But the shock not only contracts GDP but is net welfare reducing in the short run, with the largest losers being capital owners, as the change in real financial assets indicates.
The long run analyses allow switches in the tax mix. In most cases the widening of the wedge between consumer and producer prices sees contractionary producer price deflation. One such case is that in which the tariff revenue allows consumption tax relief. 27 To preserve fiscal balance, the additional tariff revenue causes the power of the consumption tax rate, C  , to fall.
Returning to (29), just as in the short run, the home price of foreign products rises relative to that of home products, P P , which is the desired effect of the protection. In the long run, however, the fall in C  , and with P C fixed by monetary policy, creates room for a rise in P P . Domestic wholesale prices of both home and foreign goods rise relative to final consumer prices, with the foreign product prices rising by more. Nonetheless, the rise in P P increases the net rate of return on domestic investment and so leads to a domestic capital expansion in the long run that occurs at the expense of foreign economies, appreciating the real and nominal exchange rates.
The clearing labor market ensures that the protection-induced rise in home product prices also leads to rises in nominal factor incomes in the US. But with a constrained consumer price level this implies rising purchasing power of disposable income over final goods and hence rising welfare. It does not imply rising real output or real GDP, however. While nominal GDP does 31 Aggregate welfare c , % -0.13 -0.10 0.17 -0.09 -0.11 0.001 0.65 a Six simulations are represented, one with employment adjustment and fixed capital use (short run), a further four with capacity adjustment, constant unemployment rates and constant fiscal balance with adjustment of expenditure or tax rates (long run), and a final simulation with an additional exogenous shock to the capital income tax rate, to represent recent tax reform. In all cases China is assumed to maintain its de facto US$ peg. b The final simulation reduces the overall tax rate on capital income by 5% as well as imposing the tariff. It allows capacity to adjust but imposes no change in tariffs but a reduction in the power of the tax rate on capital income by 5%, to represent recent tax reform, holding the fiscal position fixed but contracting government expenditure on goods and services to achieve this. c Aggregate welfare is the real purchasing power of disposable income at domestic consumer prices. Source: Simulations of the model described in the text. rise in the US, the GDP price level, P Y , inflates by a proportion that deviates from the rise in P P due to the change in overall indirect tax revenue. Thus, real output actually falls. This counterintuitive result arises because the new trade distortions reduce global demand, and the reestablishment of the original expected rates of return across regions requires that capital stocks are lower, even in the US. Its home industry's larger share of domestic demand notwithstanding, the US real appreciation sees a decline in exports.
In most of the long run cases examined, the unilateral tariffs are net welfare improving for the US. These improvements might be thought of as due to the "optimal tariff" effects of protection by a large country. But their achievement does depend on the kind of tax relief applied following the receipt of tariff revenue. A reduced consumption tax rate ensures rising welfare while real GDP declines. A reduced tax rate on labor income worsens the capital contraction and the monetary contraction needed to sustain the P C target. But there is a net improvement in real worker household incomes and in overall welfare. Application of the tariff revenue to reducing capital income taxation causes the most considerable "beggar thy neighbor" effects of the pure tariff cases, expanding the US capital stock in the long run at the expense of the rest of the world.
Despite substantial global losses the rise in the US capital stock is sufficient to generate an expansion of its real GDP.
From the final columns of Tables 4 and 5 it is clear that the combination of the unilateral tariffs with more general capital income tax reform yields larger "beggar thy neighbor" gains to the US. This is because the policy changes attract considerably more investment and capital growth to the US economy, at the expense of the rest of the world. It is because of the inflow of global saving to investments in the US that US asset prices are driven up and the US long bond yield declines. In all other cases, and in all other regions, monetary contractions (short maturity yield rises) are required to maintain targets and sustain zero inflation anchors and there is a contraction in the supply of saving to meet investment demand, thus shifting yield curves upward.
Effects on China
In partner regions the effects of the new US tariffs are negative across the board, irrespective of the choice of US tax mix adjustments, and they are worst when, in the long run, US tariff revenue accommodates capital income tax relief. The effects on China follow this pattern, as summarized in Table 6 . The short run results are negative and dominated for China by substantial worker displacement. Importantly, they depend on its choice of monetary target. As indicated in the previous section, a response to the US tariffs can be the floating of its currency.
Allowing a depreciation would reduce substantially the monetary contraction required and hence the associated decline in nominal producer prices. It would therefore cut by half the labor displacement effect of the US tariffs and the associated reduction in real Chinese GDP.
Clearly, this option would be preferred by a real GDP oriented government, yet its effects on economic welfare (the real purchasing power of disposable income at domestic consumer prices) would be negative. This is because the exchange rate target yields a consumer price deflation, partially offsetting the decline in purchasing power, which is eliminated with the transition from exchange rate to inflation targeting. In the long run cases this GDP protecting response is preserved. Money does not become neutral. This derives from a nominal rigidity that is retained in the chosen long run closure. Since the market for capital goods is not depicted in the model as separate from those for intermediates or final products we can either assume that capital goods prices are fixed at today's nominal level in each region or that any product price inflation or deflation applies also to capital goods prices. We have opted for the former assumption on the grounds that decisions about long run investments will be made at capital goods prices that are near those at present, while future output prices, and therefore cash flows, will depend on policy shocks. The long run requirement that there be no change in expected net rates of return on capital across regions then ensures that, other things equal, lower capital tax rates imply lower marginal products of capital and higher capital stocks. Higher producer prices therefore boost expected rates of return and so are expansionary in the long run by virtue of their effects on capital growth.
China-US Tariff Games
In the short run we allow the US the choice of whether or not to raise the power of its existing protection against Chinese goods by five per cent and China chooses between making no change, liberalizing (reducing the equivalent power if its tariffs and non-tariff barriers against US imports Aggregate welfare c , % -0.40 -0.79 -0.86 -0.86 -0.94 -0.79 a Six simulations are represented, one with employment adjustment and fixed capital use (short run), a further four with capacity adjustment, constant unemployment rates and constant fiscal balance with adjustment of expenditure or tax rates (long run), and a final simulation with an additional exogenous shock to the capital income tax rate, to represent recent tax reform. b The final simulation allows capacity to adjust but imposes both the tariff and a reduction in the power of the US tax rate on capital income of 5%, to represent recent US tax reform. Fiscal balance is retained by reducing government expenditure on goods and services. c Aggregate welfare is the real purchasing power of disposable income at domestic consumer prices. Source: Simulations of the model described in the text. by five per cent) and imposing an increase in the power of its tariffs against US goods. For the reasons discussed earlier, because of the retained nominal rigidity of capital goods prices money is not neutral in the long run and so each option is augmented by the alternatives of retaining or relaxing China's US$ peg. 28 The payoff matrices for four normal form games are provided in Table 7 . The objectives are aggregate economic welfare, real GDP, low-income welfare and capital-owner welfare. In each case rising Interestingly, the games on low-skill and capitalowner welfare both yield US protection and Chinese liberalization, though they differ as to the retention of the US$ peg. When real GDP is the objective we see again that a Chinese float limits the losses from US protection, but with unilateral protection by China the peg is preferred.
The equilibria in all three games where Chinese liberalization is preferred yield net welfare and real GDP gains to both countries while the equilibrium with Chinese protection disadvantages the US.
The corresponding long run games are detailed in Tables 8 and 9 . These also show dominant strategies for the US, which are to impose tariffs against China, in most cases with revenue providing consumption tax relief. 29 The strength of consumption tax relief derives from the effects on producer prices under consumer price targeting, as discussed in Section 4.2. Reduced consumption tax rates raise producer relative to consumer prices, allowing a small producer price inflation that raises investment returns. When aggregate welfare or real GDP are the objectives (Table 8) , this effect on investment incentives turns out to be stronger than the alternative of capital tax relief, irrespective of China's response, though Chinese tariff retaliation does reduce US net gains substantially.
US tariffs cause net losses for China, no matter how it responds. Although, like the US, it would enjoy net gains from unilateral tariff imposition, once the US is protecting its dominant strategy is to liberalize and to sustain fiscal balance by cutting spending, rather than by raising consumption or capital tax rates. As indicated earlier, this response is best combined with a currency float if the objective is real GDP since this avoids the production effects of a domestic 
US Actions None
Protect with fiscal option Source: Simulations of the model described in the text. a Spending changes refer to government spending on goods and services only, seen as the provision of public goods that have constant per capita impact across all households. Source: Simulations of the model described in the text.
Conclusion
In this paper we examine stylized representations of recent US and Chinese tax reforms, tariffs against imports and alternative Chinese monetary targeting using a calibrated global macro model that embodies both trade and financial interdependencies. For both countries, unilateral capital tax relief is shown to be "beggar thy neighbor" in long run consequence, with an effective alliance between low-skill workers and capital owners ensuring that the burden of sustaining 
US Actions None
Protect with fiscal option Increase spending Reduce consn tax Reduce capital tax fiscal balance falls on skilled, professional households. In the case of tariffs there is most advantage in the US if fiscal balance is sustained by having revenue finance consumption tax relief, while in China this depends on whether the objective is the maximization of GDP or economic welfare more broadly defined. China is nonetheless a net loser from unilateral US protection, whether the policy criterion is aggregate welfare, real GDP or the welfare of low-skill workers or capital owners, irrespective of its policy response. A Chinese currency float is shown to cushion the effects on its GDP in the short run but the retention of its peg is strongest under welfare criteria.
Equilibria in normal form non-cooperative tariff games exhibit spill-overs that are substantial but that are most often insufficient to deter dominant strategies. The results suggest that the US suffers short run losses from the imposition of tariffs against Chinese imports but it gains when the resulting changes in investment incentives are allowed to bring about regional capacity adjustments. In this long run a welfare or GDP maximizing US uses tariff revenue to offer consumption tax relief, which in the US context suggests wider cuts to indirect taxation other than import tariffs. Only if capital owners dominate the US decision process is it optimal for the US to redirect tariff revenue to capital income tax relief. In response China's best strategy is to minimize its losses by reducing tariffs and maintaining long run fiscal balance by reducing government expenditure on goods and services, rather than by raising consumption or capital income tax rates.
Importantly, at a length of run over which investment incentives allow capacity adjustment, the tax and tariff policies of the US deliver for both low-skill workers and for capital owners, with the net gains to capital owners proportionally larger in both cases. Though we recognize that "it was ever thus", the point to emerge is that US tariffs and tax reform might benefit US workers but it will not reduce inequality.
A particular complement offered by this approach is to observe the effects of protection on financial markets. Even unilateral protection in the US alone requires a tightening of monetary policies and a contraction in global investment and saving, causing short and long bond yields to rise. Such changes should facilitate continued "normalization" in the US and the return in Europe and Japan to conventional monetary policy, though trade conflicts represent a "bad exit" from the recent global malaise of low rates, low inflation and low growth.
